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CoPt nanoparticles supported on a glassy carbon electrode (denoted as CoPt/GC) were prepared
by galvanic replacement reaction between electrodeposited Co nanoparticles and K2PtCl6
solution. Scanning electron microscope (SEM) and transmission electron microscope (TEM) were
both employed to characterize the CoPt nanoparticles. It was shown that the CoPt nanoparticles
have irregular shapes and most of them exhibit a core-shell structure with a porous Co core and a
shell of Pt tiny particles. The composition of the CoPt nanoparticles was analyzed by energy-
dispersive X-ray spectroscopy (EDX), which depicts a Co : Pt ratio of ca. 21 : 79. Studies of cyclic
voltammetry (CV) demonstrated that CoPt/GC possesses a much higher catalytic activity towards
CO and methanol electrooxidation than a nanoscale Pt thin film electrode. In situ FTIR
spectroscopic studies have revealed for the first time, that a CoPt nanoparticles electrode exhibits
abnormal IR effects (AIREs) for IR absorption of CO adsorbed on it. In comparison with the IR
features of CO adsorbed on a bulk Pt electrode, the direction of the IR bands of CO adsorbed on
the CoPt/GC electrode is inverted completely, and the intensity of the IR bands has been
enhanced up to 15.4 times. The AIREs is significant in detecting the adsorbed intermediate
species involved in electrocatalytic reactions. The results demonstrated a reaction mechanism of




 and CO2 as intermediate and product species by in situ FTIRS.
1. Introduction
In the past three decades, considerable efforts have been
devoted to investigating the methanol oxidation reaction
(MOR), because direct methanol fuel cell (DMFC) is one of
the most promising alternative energy sources for transporta-
tion vehicles and portable electronic devices. Methanol holds
the advantages of high energy density, low operating tempera-
ture, cheap liquid fuel, ease of handling and friendliness to
environment.1 Platinum is the indispensable metal used as
catalyst for DMFC. However, the easiness of Pt for self-
poisoning by CO species derived from dissociative adsorption
of CH3OH has limited its performance, and the high cost of Pt
has restricted the practical applications of DMFC. Therefore,
one of the key objectives in electrocatalysis of DMFC tech-
nology is to reduce Pt loading and to improve the efficiency of
the catalyst.2 Numerous efforts have been made to develop
catalysts of high catalytic performance with a low Pt loading.
In most cases Pt nanoparticles dispersed onto conductive
substrates (carbon materials) were used as catalysts in the
DMFC, and the properties of these catalysts may be tuned by
either altering the electronic structure (alloying with different
elements) or by controlling the surface structure. It is known
that the shape of nanocrystals that determines surface atomic
arrangement plays an important role in the performance of Pt
catalyst.3 Recently, Sun and coworkers have developed an
electrochemical method to synthesise tetrahexahedral Pt
nanocrystals that are enclosed by 24 high-index facets and
exhibit very enhanced electrocatalytic activity for small
organic molecules oxidation,4 which opened a new avenue to
enhancing the performance of Pt nanocatalysts by controlling
their surface structure. Using multicomponent Pt-based alloy
electrocatalysts can reduce significantly the Pt loading, and
furthermore the additive metal can highly improve the cata-
lytic activity, which is attributed to bifunctional mechanism or
ligand effects.5–14 In the past few years, the galvanic replace-
ment reactions that exploit the different standard reduction
potentials of two or more metals were commonly used to
prepare nanomaterials with a core-shell or a hollow structure,
which can save noble metal in the nanomaterials catalysts and
improve their physicochemical properties.15–24 For various
bimetallic reaction systems, Co–Pt is one of the most widely
studied targets because of its highly catalytic, particular
magnetic properties and relatively low cost. Using this meth-
od, hollow Pt nanospheres with an enhanced electrocatalytic
property for MOR were facilely synthesized by Liang et al.23
Vasquez et al. reported that hollow superparamagnetic CoPt
nanospheres could be synthesized by using Co nanoparticles as
in situ sacrificial templates.24
Electrochemical in situ FTIR spectroscopy is a powerful
tool for investigating the mechanism of electrocatalytic
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reactions. Using this technique, the poisoning and active
intermediates such as CO, COH, HCHO, and HCOOH were
detected in the MOR.25 This method has also been applied
intensively in investigations of anomalous IR properties of
nanostructured platinum group metals, iron-triad metals and
their alloy materials.26–32 Extensive studies demonstrated that
the anomalous IR properties, including enhanced IR absorp-
tion (EIRA),33 Fano-like effects (Fano-like)34 and abnormal
IR effects (AIREs),26 depend strongly on the size, structure
and agglomeration states of nanoparticles. In this paper CoPt
nanoparticles of porous (Co) core-shell (Pt particles) structure
substrates on glassy carbon were prepared using galvanic
replacement reaction between electrodeposited Co nanoparti-
cles and K2PtCl6 solution. SEM, TEM and EDX measure-
ments were employed to gain information concerning the size,
structure, and composition of the CoPt nanoparticles. Cyclic
voltammetry (CV) studies demonstrated that the porous core-
shell structured CoPt nanoparticles exhibit enhanced electro-
catalytic activity for CO and methanol oxidation in alkaline
media. Using in situ FTIR spectroscopic investigations, the
intermediates and products involved in the MOR as well as the
abnormal IR effects of the CoPt nanoparticles electrode were
revealed for the first time.
2. Experimental
Preparation of CoPt nanoparticles
CoPt nanoparticles were prepared on a glassy carbon sub-
strate (GC, 6 mm in diameter with a geometric area 0.28 cm2)
using Co nanoparticles as sacrificial template and denoted
thereafter as CoPt/GC. The GC sealed into a Teflon holder
was firstly polished mechanically using successively sand paper
(6#) and SiO2 powder of size 5, 1, 0.3 mm before metal
deposition. Co nanoparticles were deposited electrochemically
on GC substrate (denoted as Co/GC) under cyclic voltamme-
try (CV) conditions in 0.02 M CoSO4 + 0.1 M Na2SO4
solution. Four potential cycles were applied in the deposition
with potential cycling between 1.05 and 0.675 V of a sweep
rate 50 mV s1. The as-prepared Co nanoparticles were then
covered with 25 mL of 2 mMK2PtCl6 aqueous solution droplet
for 30 min to form CoPt/GC through a galvanic replacement
reaction. A nanoscale Pt thin film supported on a GC elec-
trode (denoted as Pt/GC) was prepared and served as a
reference electrocatalyst for CO oxidation and MOR. The
nanoscale Pt thin film was deposited electrochemically on GC
in 2 mM K2PtCl6 + 0.1 M H2SO4 solution and under similar
CV conditions with 10 potential cycles between 0.2 and 0.4 V
with a sweep rate of 50 mV s1. The electrochemical measure-
ments were conducted in a three-electrode cell and on an
EG&G potentiostat/galvanostat (model 263A). A commercial
saturated calomel electrode (SCE) was used as reference
electrode, and all potentials were reported with respect to
the SCE scale. The counter electrode was a platinized platinum
foil. The solutions were prepared from analytical grade
Na2SO4, CoSO4 and K2PtCl6, super pure H2SO4 and NaOH,
with Millipore water (18 MO cm) provided by a Milli-Q Labo
apparatus (Nihon Millipore Ltd.). The solutions were deaer-
ated by bubbling high-purity N2 before measurements. Ex-
periments were carried out at room temperature around 251.
SEM, TEM and EDX measurements
The morphology of Co/GC and CoPt/GC was investigated
using a LEO l530 scanning electron microscope (SEM) oper-
ated at 20 kV. The structure and composition (atomic ratio) of
CoPt nanoparticles were measured by a TECNAI F30 trans-
mission electron microscope (TEM, FEI Corp.) integrated
with an energy-dispersive X-ray analyzer (EDX) operating at
200 kV.
Electrochemical in situ FTIR spectroscopic measurements
Electrochemical in situ FTIR spectroscopy measurements were
carried out on a Nexus 870 spectrometer (Nicolet) synchroniz-
ing with a 263A potentiostat (EG&G) interfaced by a home-
developed software. In the in situ FTIR experiments, a thin
solution layer of a few micrometers in thickness was firstly
formed by pushing the electrode against the CaF2 IR window
to minimize IR absorption in the aqueous electrolyte before
in situ FTIR measurements; unpolarized IR radiation from an
EverGlo IR source was then directed to the electrode/electro-
lyte interface by passing through the CaF2 window and the
thin layer solution; the reflection IR beam was totally detected
finally by a liquid nitrogen cooled MCT-A detector. The
incident angle was aligned at about 601 to the normal of the
electrode surface. Various in situ FTIR techniques including
MSFTIRS (multi-step FTIR spectroscopy),35 SPAFTIRS
(single potential alteration FTIR spectroscopy)36 and
TRFTIRS (time resolved FTIR spectroscopy)37 were used in
the present study to investigate CO adsorption and oxidation
as well as the MOR. The result spectra were reported as the
relative change in reflectivity, and calculated by eqn (1),
DR
R
¼ RðESÞ  RðERÞ
RðERÞ
ð1Þ
where R(ES) and R(ER) stand for the reflection single-beam
spectra collected at sample potential (ES) and reference
potential (ER), respectively. Each single-beam spectrum was
co-added with 400 (MSFTIRS and SPAFTIRS) or 20
(TRFTIRS) interferograms at a spectral resolution of 8 cm1.
3. Results and discussion
3.1 Preparation and structure characterization of CoPt/GC
Preparation of various nanostructured Co thin films which
exhibit anomalous IR properties has been described in our
previous study in detail.32 It has been demonstrated that the
structure of Co nanoparticles can be controlled by varying the
potential cycling number in CV deposition. To prepare CoPt
nanoparticles by galvanic replacement reaction, the fabrica-
tion of Co nanoparticles as the sacrificial template is an
important step. Herein, we firstly focus our study on Co
nanoparticles supported on GC (Co/GC) prepared with four
potential cycles in 0.02 M CoSO4 + 0.1 M Na2SO4 solution
under CV conditions. Fig. 1a shows typical cyclic voltammo-
grams (CVs) of Co electrodeposition on GC. It can be
observed clearly that Co starts to deposit at a much more





























































positive potential in the second cycle than that in the first one,
which indicates that a significant overpotential is required for
the nucleation of Co on GC surface. From the SEM image
displayed in Fig. 1b, it can be seen that Co nanoparticles of
irregular shapes with a portion of hexagonal nanosheets were
produced on GC. The average size of Co nanoparticles is
measured as ca. 200 nm.
Since the standard reduction potential of the PtCl6
2/Pt
(0.735 V vs. the standard hydrogen electrode (SHE)) is much
higher than that of the Co2+/Co (0.277 vs. SHE), the
following reaction will take place spontaneously as soon as
the Co/GC is covered by a K2PtCl6 solution droplet.
2Co + PtCl6
2 - Pt + 2Co2+ + 6Cl (2)
Fig. 2a shows a SEM image of the as-prepared CoPt nano-
particles on GC. It is interesting to find that the nanoparticles
on GC were not dissolved but still maintained their original
morphology. However, the surface of CoPt nanoparticles is
rougher than that of the Co nanoparticles. As observed on the
magnified SEM image shown in the insert to Fig. 2a, fine
particles were produced on the surface and an incomplete
porous structure was formed. The TEM image of CoPt nano-
particles in Fig. 2b confirms also the consistent results pre-
dicted by SEM. Furthermore, the TEM image illustrates that
most CoPt nanoparticles are almost composed of a porous Co
core and a shell of Pt tiny particles. The selected area electron
diffraction pattern (SAED), shown as the inset to Fig. 2b, is in
good accordance with the results reported in the litera-
ture24,38,39 and indicates that the CoPt nanoparticles have a
single-phase face-center cubic (fcc) structure. Energy-dispersive
X-ray spectroscopy (EDX) analysis (see Fig. 2c) demonstrates
that the atomic ratio of Co : Pt of the CoPt nanoparticles is ca.
21 : 79. The Co could coexist even when the Co/GC was
covered by a sufficient K2PtCl6 solution for sufficiently long
time (e.g. 12 h). Nevertheless, the spontaneous replacement
reaction implies that the coexistent Co atoms should situate in
the inner layer of the CoPt nanoparticles which can be con-
firmed by following cyclic voltammetric studies of CoPt/GC.
Fig. 1 (a) Cyclic voltammograms (CVs) of Co deposition on the GC electrode, 0.02 M CoSO4 + 0.1 M Na2SO4, scan rate 50 mV s
1; (b) SEM
image of the Co/GC electrode.
Fig. 2 (a) SEM Image of CoPt/GC electrode; (b) TEM image and SAED pattern (inset) of CoPt nanoparticles; (c) EDX data for CoPt
nanoparticles (Cu is from the TEM grid).





























































The SEM, TEM and EDX results suggest that the CoPt
nanoparticles possess a core-shell structure which is composed
of a porous Co core and a shell of Pt tiny particles. The
formation of this kind of porous core-shell structure can be
explained as follows. From the replacement reaction (eqn (2)),
we can see that two Co atoms must be oxidized in order to
reduce one Pt4+ ion. The Pt atoms formed on the outer layer
of Co nanoparticle, the Co atoms on the surface of Co
nanoparticles will be consumed firstly. When the major part
of Co nanoparticles is covered by Pt atoms, further reduction
of Pt4+ to form Pt tiny particles, as seen in the SEM image of
Fig. 2a, may take place through delocalized electron transfer,
i.e. the electrons come from the oxidation of Co atoms located
away from the sites of Pt4+ reduction. This is similar to an
electrochemical cell model of galvanic corrosion. With the
formation of a shell of Pt tiny particles, the Co atoms inside
the Co nanoparticles will be dissolved progressively, and the
Co2+ ions can be diffused out through channels created during
the corrosion, which results in a porous core in the final CoPt
nanoparticles as observed in Fig. 2b.
3.2 Activity for CO oxidation and the AIREs of CoPt/GC
3.2.1 CV Studies of CO oxidation on CoPt/GC. Fig. 3a and
b display representative cyclic voltammograms of Pt/GC and
CoPt/GC recorded in 0.1M NaOH solution. The features of the
voltammetric curves of Pt/GC and CoPt/GC are very similar to
those of a bulk Pt40 and carbon supported Pt41 in alkaline
solutions. The reversible current peaks between 0.86 V
and 0.55 V can be ascribed to hydrogen adsorption/deso-
rption on the Pt surface (Hupd). In the positive-going potential
sweep, the hydrogen desorption is immediately followed first
by the reversible adsorption of OH (OHad) and then by the
irreversible oxygen-containing species formation. A broad
cathodic current peak appearing around 0.29 V in the
negative-going potential sweep can be assigned to the reduc-
tion of the Pt oxide layer. The absence of a Co redox current
peak32 in the voltammetric curve of CoPt/GC confirmed the
above interpretation mentioned in the structure characteriza-
tion, i.e. the surface of CoPt nanoparticles is almost composed
of a Pt shell without Co. Therefore, assuming the inner Co has
no effect on hydrogen adsorption/desorption, the electric
charge of Hupd measured by integration of the CV curve can
be used to evaluate quantitatively the electrochemical active
surface area. Thus in this paper, for the sake of comparison,
the current density was applied by normalizing the current to
the electrochemical active surface area of the respective elec-
trode.
Considering that CO is a key intermediate involved in the
oxidation of small organic molecules and is always employed
as a molecule probe, the electrocatalytic activity of CoPt/GC
for CO oxidation was investigated at first by stripping CV, and
the result was compared with that obtained on Pt/GC. Fig. 3c
and d show the voltammograms with CO adsorption in the
saturation on Pt/GC and CoPt/GC in CO-free 0.1 M NaOH
solution. In the positive-going potential sweep, the CO oxida-
tion current can be observed on both electrodes even at
potentials below 0.59 V (in the hydrogen region), indicating
that the possibility of coexistence of Hupd and OHad on Pt in
alkaline solution, which is consistent with the results observed
on carbon supported Pt41 and Pt single crystal surfaces.42 This
character can be barely observed from CO stripping CVs on
the agglomerate Pt nanoparticles in acid solution.43
The CO stripping voltammetry curves recorded on Pt/GC
and CoPt/GC electrodes are both split into two characteristic
oxidation peaks. The pre-peak of CO oxidation near 0.54 V
has also been observed on Pt(111) in 0.1 M NaOH solution44
and was proposed through the Eley-Rideal (E-R) mechanism,
that is, the adsorbed CO (COad) was attacked by solution-
phase OH and the following reaction taking place.
COad + 2OH
 - CO2 + H2O + 2e
, (3)
whereas the following-peak close to 0.32 V occurred via a
Langmuir-Hinshelwood (L-H) mechanism in which COad
reacts with OHad.
COad + OHad - CO2 + H
+ + e. (4)
It is interesting to note that the oxidation of CO in the pre-
peak shows negligible effect on the following-peak, which was
evidenced by the experiment (see ESI, Fig. S1),w in which the
electrode potential was cycled, after CO adsorption in satura-
tion, firstly between 0.96 and 0.48 V, i.e. the potential scan
was returned at the splitting potential between the two peaks.
When the pre-peak has disappeared completely from CV, the
electrode potential is scanned to 0.50 V, the following-peak
still remained in the CV. This observation is consistent with
in situ FTIRS studies for CO oxidation (see the section below).
As shown in the voltammograms the pre-peak and the
following-peak of COad oxidation on CoPt/GC were shifted
negatively by ca. 70 and 20 mV with respect to those on Pt/
GC. In addition, the pre-peak current density on CoPt/GC
(0.25 mA cm2) is evidently larger than that on Pt/GC (0.09
mA cm2) accompanied by a significant redistribution of
charge between the two peak regions. The charge redistribu-
tion results in a higher fraction of CO being oxidized at lower
potential on CoPt/GC than on Pt/GC, i.e. the pre-peak charge
occupied the total CO oxidation charge by ca. 38% on CoPt/
Fig. 3 CVs of Pt/GC (a, ----) and CoPt/GC (b, - - - - - -); CVs of
adsorbed CO oxidation on Pt/GC (c,     ) and CoPt/GC (d, ——),
0.1 M NaOH solution, scan rate 50 mV s1.





























































GC but only ca. 23% on Pt/GC. All these results demonstrate
that the CoPt/GC exhibits a higher catalytic activity toward
the electrooxidation of CO rather than that of Pt/GC. The
origin of the enhanced activity of CoPt/GC for CO oxidation
may be ascribed as follows: (1) Surface structure effect of CoPt
nanoparticles. According to SEM and TEM images and CV
studies, the CoPt nanoparticles decorated with a shell of Pt
tiny particles and a porous Co core may provide more active
(defect/edge) sites, which leads COad exposed to more solu-
tion-phase OH or benefiting for OH adsorption and thus
promoting the COad oxidation.
42,44 (2) Electronic structure
effects. For the prepared CoPt/GC, the inner layer Co may
significantly affect the electronic structure of the outer Pt shell
by lowering the electron density of the 5d orbital, and conse-
quently decreasing the electron back-donation to CO and
resulting in a considerable decrease in the CO binding strength
to Pt. Therefore, the CoPt/GC may exhibit excellent
CO-tolerance.8,10
3.2.2 In situ FTIRS studies. To reveal the CO oxidation
process and the infrared properties of CoPt/GC, the
MSFTIRS procedure was employed in the present study. In
this procedure, after CO adsorption in the saturation on CoPt/
GC, the dissolved CO in solution has been completely re-
moved by purging N2. Then a series of single-beam spectra
(R(ES)) were progressively collected at different sample poten-
tials (ES), the reference spectrum (R(ER)) was finally collected
at a potential where COad could be completely removed by
electrooxidation. According to CV results of the CoPt/GC in a
0.1 M NaOH solution, ES was varied from 0.95 to 0.35 V
with an interval of 0.05 V and ER was set at 0.3 V. The
MSFTIR spectra of CoPt/GC are shown in Fig. 4a. Since the
R(ER) contains uniquely IR absorption of CO3
2, the two IR
bands centered at around 2006 and 1817 cm1, which shift
with increasing ES, can obviously be assigned to IR absorption
of linearly bonded CO (COL) and multi-bonded CO (COM) on
CoPt/GC, respectively. The CO3
2 band around 1390 cm1 is
arisen from the electrooxidation of both COL and COM in
NaOH aqueous solution, i.e.
CO + 4OH - CO3
2 + 2H2O + 2e
 (5)
As adsorbed CO species (COad) exist only at ES and have been
completely removed at ER, the IR absorption of COad occurs
exclusively in R(ES). As a result, the relative quantity of COad
at different ES can be measured from the integral intensity of
the COad bands in Fig. 4a. Because COad can be oxidized at
potentials above 0.70 V, as seen from the decrease in
intensity of the corresponding IR bands, the IR absorption
of CO3
2 species will be the sum of IR absorption contained in
both R(ES) and R(ER) and their relative quantity could not be
determined through the spectra in Fig. 4a. Therefore, the
single-beam collected at 0.95 V, in which no IR absorption
of CO3
2 is presented due to the fact that COad cannot be
oxidized at this potential, was taken as the reference spectrum
to calculate the resulting spectra using eqn (1), and the
variation of the IR band of CO3
2 with the potential is shown
in Fig. 4b. The variation of IR band intensity with the
potential can thus be obtained. The normalized IR band
intensity,8 i.e. the intensity of IR bands measured at different
ES divided by the largest intensity of the same IR band is
adopted in the analysis of IR data. The largest IR band
intensity is measured, respectively, at 0.95 V for COM,
0.85 V for COL and 0.40 V for CO32 species. The normal-
ized IR band intensities of COL, COM and CO3
2 are plotted
in Fig. 5a as a function of ES. It is evident that the normalized
IR band intensities of COL and COM maintained almost a
constant value before 0.7 V, indicating that CO could adsorb
Fig. 4 (a) MSFTIR spectra of CO adsorbed in the saturation on CoPt/GC, ES = 0.95 to 0.35 V, ER = 0.3 V, 0.1 M NaOH solution; (b)
CO3
2 bands obtained by taking R(ER = 0.95 V) as the reference spectrum.





























































stably on the CoPt/GC surface below 0.7 V, meanwhile no
CO3
2 species is determined. Along with increasing ES in this
potential region, we observe a decrease in the normalized
intensity of the COM band associating with increase in normal-
ized intensity of the COL band, which implies a CO site
conversion.45 When ES 4 0.7 V, the normalized intensities
of COL and COM begin to decrease accompanied by an
increase of the CO3
2 band intensity, demonstrating the
electrooxidation of COad at potentials above 0.7 V. It is
noteworthy that the COad cannot be removed completely until
increasing the potential up to 0.3 V. When the ES was set at
0.55 V near the pre-peak potential (see Fig. 3d), though the
acquisition time per spectrum is 173 s that is long enough for
the oxidation of COad, the large intensity of the CO bands is
still observed, which indicates that COad could not be oxidized
completely in the pre-peak potential region. These results are
in good agreement with the separation of the oxidation peak in
the cyclic voltammogram of COad stripping on CoPt/GC.
Fig. 5b plots the variation of the COL band center (~nCOL)
versus ES. The COL band shifts positively and linearly because
of the Stark effect with increasing ES in the potential region
where COad is stable, i.e. from 0.95 to 0.70 V. The Stark
tuning rate evaluated from the slope of the fitting straight line
is ca. 34.8 cm1 V1. This value is very close to that obtained
on bulk Pt (32.4 cm1 V1, see Fig. S2b) and Pt/GC (30.9
cm1 V1, see Fig. S3b),w but much smaller than that on bulk
Co and on Co/GC in the same electrolyte.32 When ES is
increased above 0.7 V, the COL band center is shifted
negatively associated with the decrease in the quantity of COad
resulting from its electrooxidation, and a decline rate is
measured at 85.9 cm1 V1 in this potential region. This
decline in the wavenumbers of the COL band can be explained
by reduced lateral interaction between the CO molecules.34
It is interesting to note that the IR features of the COad
bands on CoPt/GC are similar to Pt/GC (ESI, Fig. S3(a)) but
quite different from those on bulk Pt (supplementary data Fig.
S2(a)).w To illustrate clearly, MSFTIR spectra of COad on
CoPt/GC, Pt/GC and bulk Pt collected all at ES = 0.8 V in
0.1 M NaOH solution are compared in Fig. 6. In comparison
with IR features of COad on bulk Pt, the most important
characters on CoPt/GC and Pt/GC consist in the direction of
the COad bands being completely inverted, and the band
intensity being significantly enhanced. The appearance of the
COM band in the spectra collected on CoPt/GC and Pt/GC
should be due to the enhancement of IR absorption. Accord-
ing to our previous study,32 the integral intensity of the CO3
2
band (ICO32) can be taken as a measure of the quantity of
COad. Thus, to determine quantitatively the enhancement of
IR absorption, an enhancement factor (DIR) is defined as the
ratio of the integral IR band intensity of COad on CoPt/GC or
Pt/GC to that of the same amount of COad on bulk Pt and is





where ICO represents the sum of integral intensity of the COL
and COM bands measured from spectra of CoPt/GC, Pt/GC
and bulk Pt electrodes, respectively. DIR of CoPt/GC and Pt/
GC has been determined to be 15.4 and 5.1, indicating that the
IR absorption of COad on CoPt/GC and Pt/GC have been
enhanced 15.4 and 5.1 times, respectively. In addition, the full
width at half maximum (FWHM) of the COad bands in spectra
Fig. 5 (a) Potential dependences of normalized intensities of COL
(’), COM (%), and CO3
2 (m); (b) variation of ~nCOL with ES.
Fig. 6 Comparison of MSFTIR spectra of CO adsorbed in the
saturation on CoPt/GC, Pt/GC and bulk Pt. ES = 0.8 V,
ER = 0.3 V, 0.1 M NaOH solution.





























































of CoPt/GC and Pt/GC has been broadened. The FWHM of
the COL band in the spectra recorded on CoPt/GC and Pt/GC
are measured as ca. 41 and 36 cm1, which is 9 and 4 cm1,
respectively, broader than that on the bulk Pt (32 cm1),
implying that the vibration states of COad on CoPt/GC and
Pt/GC are more discrete,46 and could be attributed to
an inhomogeneous broadening. The above results demon-
strated clearly that the CoPt/GC and Pt/GC both exhibit
abnormal infrared effects (AIREs) in alkaline solution, which
has been firstly observed on Pt nanometer thin films in acid
solution. It is worthwhile pointing out that great efforts,
including experimental and theoretical studies, have
been devoted to deeply understanding this kind of anomalous
IR property.26–32,47 However, the origin of AIREs is still
under investigation.
From Fig. 6, we can also observe clearly that the center of
the COL band on CoPt/GC shifts negatively to 2006 cm
1 in
comparison with that on pure Pt (Pt/GC 2022 cm1 and bulk-
Pt 2019 cm1). The negative shift can be ascribed to the lower
molecule–molecule interaction among COad on the CoPt/GC
than that on pure Pt, resulting from the higher mobility of the
COad on the CoPt/GC that is confirmed by the broadening of
FWHM. The higher mobility of COad is due to weakening of
the bond strength between Pt and C on CoPt/GC, which can
suppress the COad coverage. This result confirms that CoPt/
GC exhibits CO-tolerance and is well consistent with Igara-
shi’s investigation on Pt alloy electrocatalysts, i.e. Pt–Fe,
Pt–Ni, Pt–Co, Pt–Mo alloys, for polymer electrolyte fuel
cells.8
3.3 CV and in situ FTIR studies of MOR on CoPt/GC
The electrocatalytic property of CoPt/GC towards MOR was
tested by CV in alkaline solution and compared with that of
Pt/GC and Co/GC. Fig. 7 illustrates typical cyclic voltammo-
grams of Co/GC, Pt/GC and CoPt/GC in 0.1 M CH3OH +
0.1MNaOH solution. Obviously, the Co/GC does not present
activity for MOR. The hydrogen adsorption/desorption on
both Pt/GC and CoPt/GC electrodes was partially suppressed
because of the adsorption of poisoning intermediates derived
from dissociative adsorption of methanol. In the positive-
going potential sweep, the onset potential (Eonset) of MOR
on Pt/GC is measured at about 0.59 V, methanol oxidation
yields then an oxidation current peak near 0.24 V with a
maximum current density ca. 0.95 mA cm2. In the case of
CoPt/GC, Eonset is shifted ca. 80 mV negatively to 0.67 V
and the oxidation current peak is located around 0.21 V with
a maximum current density ca. 1.79 mA cm2. In the reverse
potential scan, the anodic peak can be attributed also to
CH3OH oxidation associated with the reactivation of oxidized
Pt. The lower of Eonset and the larger peak current density
demonstrate that the CoPt/GC presents much higher electro-
catalytic activity for MOR than that of Pt/GC. The enhanced
activity of CoPt/GC for MORmay be attributed to the porous
core-shell structure of CoPt nanoparticles, which provided
more active sites and improved the property of CO-tolerance
of CoPt due to the Co in the inner layer as discussed
previously.
SPAFTIRS and TRFTIRS procedures were used to obtain
detailed information on a molecular level about the methanol
oxidation on CoPt/GC. In the SPAFTIRS procedure, 400
interferograms were firstly collected at 0.96 V as a reference
single-beam spectrum (R(ER)), since at this potential methanol
could not be oxidized, and then the same number of inter-
ferograms were collected at ES as R(ES). The solution in the
thin layer between the electrode and the IR window was
refreshed before each SPAFTIRS measurement. In the
TRFTIRS procedure, 400 interferograms were firstly collected
at 0.96 V as R(ER), after the potential was switched to ES a
series of R(ES) as a function of reaction time were acquired by
co-adding 20 interferograms per spectrum. The resulting
spectra were both calculated using eqn (1). In general, the
negative going bands in the resulting spectra indicate the
formation of intermediates or products, while the positive
going bands denote the consumption of reagent or other
species.
A series of typical SPAFTIR spectra of CoPt/GC in 0.1 M
CH3OH+ 0.1 M NaOH solution with ES varied from 0.8 to
0.2 V are shown in Fig. 8a, where various IR absorption
bands are observed. Table 1 summarizes the IR bands ob-
served in the SPAFTIR spectra of CoPt/GC and their assign-
ments. The two positive-going bands near 1988 and 1790 cm1
shifting positively with increasing ES can be assigned, respec-
tively, to IR absorption of COL and COM. The fact that COL
and COM bands can be observed below and above 0.7 V
(near the onset of MOR) and their intensity is increased even
after MOR starting, indicates that COL and COM are derived
from both methanol dissociative adsorption at low potentials
and methanol direct oxidation at high potentials. The inver-
sion of the direction of the COL and COM bands is associated
with AIREs of CoPt/GC, as has been discussed in section
3.2.2. An upward band near 1018 cm1 is ascribed to the
consumption of CH3OH for oxidation.
48 The negative-going
bands located at around 1580, 1381, and 1351 cm1 can be
attributed to the formation of HCOO and CO3
2 in the
MOR when the potentials are above 0.7 V. This feature is in
accordance with the onset of methanol oxidation on CoPt/GC
Fig. 7 CVs of Co/GC (----), Pt/GC (- - - - -) and CoPt/GC (——) in
0.1 M NaOH + 0.1 M CH3OH solution, scan rate 50 mV s
1. The
inset shows the onset region of methanol oxidation on Pt/GC and
CoPt/GC.





























































(see Fig. 7). The downward band at 1668 cm1 that is
overlapped with HCOO bands indicates the increase of
H2O in the thin layer solution.
43 The downward bands near
2341 and 1357 cm1 that appear when ES is increased
up to 0.3 V are assigned, respectively, to the IR absorption
of CO2 and HCO3
. The results signify the decrease of pH in
the thin layer solution due to the non-compensation of
OH, which can be confirmed by a TRFTIRS study
(shown in Fig. 9). The band at 1314 cm1 may be attributed
to the symmetric OCO stretching of formate species adsorbed
through its two oxygen atoms with the C–H bond normal to
the surface (1322 cm1, ref. 25). The centers of the IR
bands corresponding to different species which arise from
MOR are not dependent on the potential except that of the




 are soluble products. The corresponding
SPAFTIR spectra of Pt/GC are shown in Fig. 8b for compar-
ison. It is obvious that the IR bands appear in the SPAFTIR
spectra of Pt/GC and their variations with increasing potential
are similar to those of CoPt/GC, indicating that the MOR on
both CoPt/GC and Pt/GC occurred in the same mechanism.
However, it is worth pointing out that the MOR products of
HCOO and CO2 on Pt/GC appear, respectively at 0.6 and
0.2 V, both higher than those on CoPt/GC (HCOO at 0.7
V and CO2 at 0.3 V), confirming the higher electrocatalytic
activity of CoPt/GC towards MOR than that of Pt/GC as
evidenced by above CV data.
Fig. 9 displays a set of TRFTIR spectra of CoPt/GC
recorded successively at different reaction time (t) with
ER = 0.96 V and ES = 0.2 V in 0.1 M CH3OH + 0.1
M NaOH solution. According to a CV study the oxidation of
methanol is very fast at 0.2 V (see Fig. 7). The acquisition
Fig. 8 SPAFTIR Spectra of CoPt/GC (a) and Pt/GC (b) in 0.1 M CH3OH + 0.1 M NaOH solution, ES = 0.8 to 0.2 V, ER = 0.96 V.
Table 1 IR Bands and their assignment appeared in SPAFTIR
spectra of CoPt/GC
Species Band direction Band center/cm1
COL Upward B1988
COM Upward B1790






Fig. 9 TRFTIR Spectra of CoPt/GC in 0.1 M CH3OH + 0.1 M
NaOH solution, ES = 0.2 V, ER = 0.96 V.





























































time was about 8.8 s per spectrum. To simplify the
figure, however, the spectra with an interval of 17.6 s are
displayed in Fig. 9. We observe only a COL band in each
spectrum, indicating that the COL is also an intermediate
involved in methanol oxidation at 0.2 V. The variations of
intensities (peak to peak value, IP–P) of different IR bands with
reaction time are shown in Fig. 10 and give the following
features. The CO2 band, which may arise from the oxidation
of CH3OH, CO and HCOO
, cannot be observed until t4 75
s. This demonstrates that OH species in the thin layer
solution are sufficient to convert CO2 quickly to CO3
2 before
75 s, but the OH species are almost exhausted after 75 s
because of vast consumption and the large resistance to
transport OH species from bulk solution into the thin layer.
The intensity of the band near 1081 cm1 that depicts the
consumption of CH3OH increases gradually before t = 75 s
and then keeps almost at a constant value, indicating a rather
slow oxidation rate at t 4 75 s due to the slow mass
transportation from the bulk into the thin layer. The volcano
variation of intensity of the IR band near 1580 cm1
(HCOO) with t demonstrates that the formation of HCOO
is accompanied by its simultaneous oxidation at 0.2 V. The
continuous increase of CO2 band intensity and the near-
termination of methanol oxidation after t 4 75 s also indicate
that the CO2 should be a product of HCOO
 oxidation.
Nevertheless, the intensity of the broad band near 1360
cm1 increases rapidly before t = 60 s due to the quick
formation of HCOO and CO3
2; it then decreases as 66 o
t o 75 s because of the oxidation of HCOO; and finally it
augments slowly when t4 75 s, which can be attributed to the
formation of HCO3
.
According to in situ FTIRS and CV results, we can conclude
that the adsorption and dehydrogenation of methanol
on CoPt/GC in 0.1 M NaOH solution can proceed at
low potential (r0.7 V), but the process is readily poisoned
by dissociative intermediates that are mainly COad
species. When the electrode potential is above 0.7 V, metha-
nol is oxidized through a dual-path mechanism, and the
final products such as CO3
2 and HCO3
 are generated




In this paper, CoPt nanoparticles were prepared by a galvanic
replacement reaction using electrodeposited Co nanoparticles
as a sacrificial template. It has been illustrated that the CoPt
nanoparticles present irregular shapes and most of them
exhibit a porous (Co) core-shell (Pt tiny particles) structure.
The composition of the CoPt nanoparticles was analyzed by
energy-dispersive X-ray spectroscopy (EDX), which depicts a
Co : Pt ratio of ca. 21 : 79. In comparison with nanoscale Pt
thin film supported on GC, the electrode of CoPt nanoparti-
cles substrated on GC (CoPt/GC) exhibited enhanced catalytic
activity towards the electrooxidation of CO and methanol,
which is evidenced by the negative shift of onset oxidation
potential and the enhanced oxidation current. In situ FTIR
reflection spectroscopic studies revealed that CoPt/GC pos-
sesses abnormal infrared effects (AIREs), for which the direc-
tion of the COad bands is inverted completely and the IR
absorption is enhanced up to 15.4 times. It has been deter-
mined that the Stark tuning rate of the COL band on the CoPt/
GC electrode is 34.8 cm1 V1, and the FWHM of this band is
41 cm1. In situ FTIR studies of methanol oxidation reaction
(MOR) on CoPt/GC in alkaline solutions illustrated that the
poisoning intermediates are COL and COM species generated
from CH3OH dissociative adsorption at low electrode poten-
tials, and the final products are solution species of CO3
2,
HCO3
 and CO2. The HCOO
 species is identified as both a
reactive intermediate and a product as well involved in the
MOR on CoPt/GC.
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